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Introduction
Although the physiological basis of the circulatory effects of acupuncture has not been clearly elucidated, the clinical effectiveness of acupuncture has been widely recognized for many years. Lee et al. (1976 Lee et al. ( , 1981 showed an antidepressant effect in dogs of electro-acupuncture EAP at Jen Chung (GV-26) on cardiovascular function, which had been depressed by morphine under halothane and nitrous oxide anesthesia.
In order to investigate cardiovascular effects of EAP at Pericardium Meridian (P 4-6) and Large Intestine (LI 4-10) ( Fig. 1) , which have not been investigated quantitatively and hemodynamically, impedance cardiography and ultrasonic blood flow measurements were employed. These are non-invasive methods (Kubicek et al. 1970 (Kubicek et al. , 1974 Granerus and Elg, 1982; Milson et al. 1982; Tanaka et al. 1977) for measurement of changes in stroke vol-37 TAYAMA, ET AL. Fig. 1 . Acupoints ume and peripheral blood flow and were chosen for use in human subjects since they would avoid various types of stress. The magnitude of changes in stroke volume, cardiac output, peripheral resistance and other bioimpedance data have been investigated under carefully controlled conditions and comparative studies made between EAP, placebo EAP, catecholamines, vasodilators and volume loading of the circulatory system.
Methods
With an attempt to perform quantitative investigations of cardiovascular changes due to certain conditions of EAP, which was determined by the traditional method of search for acupoint with injection of the needle deep enough to produce a subjective feeling of numbness, heaviness, and swelling in deep tissues beneath the skin acupuncture point (the so-called Teh
Chi sensation).
The degree of the electrical stimulation was adjusted so as not to be stressful but, rather, pleasant for subjects with visible muscle twitches. EAP at P4-6 was maintained for 15 minutes at a frequency of 1.4 Hz. Various types of wave form of EAP are shown on Fig. 2 and we used the uppermost one. In order to evaluate the cardiovascular change quantitatively and to confirm the increase of stroke volume and the decrease of peripheral resistance due to EAP at P4-6, a comparison was made with sequential changes of blood flow, velocity pattern and diameter of radial arterial blood vessel due to EAP at Large Intestine meridian 4-10 for 10 min or stellate ganglion block (SGB) ; this was achieved with the use of the ALVAR pulsed doppler velocimeter (Echovar F8G), which is not only a non-invasive approach but is a more direct and quantitative method than the bioimpedance technique. Fig. 4 shows that EAP at LI4-10 induced a remarkable increase in radial arterial blood flow, velocity and diameter of the vessel, in fact as great as that elicited by SGB. As shown in Fig. 10 mental data that EAP produced a cardiovascular effect equivalent to the volume loading due to an infusion of 2 ml/kg plasma expander for 10 min, it could be speculated that peripheral vessels with capillary beds dilate and extracelluar fluid translocated into the capillary beds and a slight degree of hypervolemia is induced by EAP.
Moreover, it is interesting that "placebo EAP" adjacent to L14-10 and P4-6 did not elicit significant changes in impedance cardiographic variables.
Discussion
Imepdance cardiograph has already progressed to being a powerful clinical and research tool (Kubicek et al. 1970; 1974; Granerus and Elg, 1982) . It is a safe, non-invasive, convenient method which provides new and valuable information relating to the more intimate mechanisms of cardiac pumping (Milson et al. 1982; Tanaka et al. 1977) .
Acupuncture analgesia (Mao et al. 1980 ) has been widely used in pain clinics, and has been proved effective for certain types of chronic pain.
Neurophysiological and neurohumoral mechanisms which may be involved in acupuncture analgesia have been extensively investigated (Pomeranz and Chiu, 1976; Han and Terenius, 1982; Carstens et al. 1979; Shen et al. 1975 ).
An afferent pathway to the post lateral part or periaqueductal central gray area (PGA) from dorsal root and an efferent pathway from PGA to pain-inhibitory pathway distal to the dorsolateral f uniculus of the spinal cord (DLF) have been investigated as related to acupuncture analgesia (Takeshige, 1982) . The neurohumoral interactions (Obayashi et al. 1980; Fujita et al. 1978) between various neurotransmitters such as neuropeptides, endorphins, catecholamines such as noradrenaline and dopamine, and the hypophyseal hormones, such as ADH, have been considered in relation to central effects (Kumazawa, 1978; Hosoya, 1982; Jisheng et al. 1979 ) of acupuncture analgesia, which have been separated from those due to non-acupuncture point stimulation, namely placebo acupuncture or stress analgesia (Millan et al. 1980; Takeshige, 1982; Anderson et al. 1974; Stewart et al. 1976) .
With these observation, the neurohumoral mechanism related to EAP may be considered to involve a circulatory effect in some way (Omura, 1976) . Cardiovascular interactions related to EAP have not, however, been clearly investigated.
Acupuncture at P4-6 has been long and effectively used, primarily in treating (Shanghai Chinese Medical College, 1977) various conditions of cardiovascular illness. However, measurement of minute-to-minute and beat-to-beat changes in cardiovascular parameters due to EAP would be fraught with difficulties particularly a quantitative evaluation in a clinical study. 
